Background and objectives Benefits of dialysis in elderly dependent patients are not clearcut. Some patients forego dialysis, opting for conservative kidney management (CKM). This study prospectively compared quality of life and survival in CKM patients and those opting for dialysis.
Introduction
As the dialysis population has expanded in the developed world (1), the proportion of elderly patients undergoing dialysis has increased dramatically (2, 3) . Many elderly patients with advanced CKD have several comorbid conditions and increased dependency (4) . The benefits of dialysis in this setting may not be clearcut (5, 6) . Dialysis can impose additional burdens, including invasive interventions, time commitment, and what may be considered overmedicalization of dying. Rehabilitation is often unsatisfactory (7) , and prognosis is generally poor (4) .
Conservative kidney management (CKM) aims to provide a comprehensive package of care to patients choosing to forego dialysis (5) . CKM shifts focus from efforts to prolong life to those emphasizing supportive care, maintenance of quality of life (QoL), and control of symptoms. Management of fluid balance, anemia, comorbid conditions, and intercurrent health problems; attempts to preserve residual kidney function where appropriate; and provision of appropriate end-of-life care are important aspects. Use of therapies in a rational and appropriate fashion must be distinguished from rationing (4, 8) . Rationing limits access to medical interventions to conserve resources, whereas a rational approach might entail foregoing a therapy likely to prove futile or detrimental in other ways to patient wellbeing.
Most studies of patient survival in CKM imply that in elderly dependent patients with high comorbidity, dialysis confers only a small survival advantage, overall (5, 6) or in terms of hospital-free days (9) . Women have a better prognosis on CKM than men, and older patients than younger (10) . The studies were small, observational, and retrospective. There are few data on QoL in patients receiving CKM (11) .
To facilitate patient choice, information on QoL and prognosis in similar patients receiving CKM and those undergoing dialysis is required. We measured self-reported QoL serially for 3 years in a cohort of patients with late stage 4 and stage 5 CKD. This allowed comparison of QoL measures, their trajectories, and survival in patients opting for CKM and those opting for dialysis.
Materials and Methods

Aim
This single-center prospective cohort study compared longitudinal assessments of QoL and survival in patients with advanced CKD who opted for CKM and those who opted for dialysis.
Patients
All patients with progressive CKD (late stage 4 and stage 5) attending our low-clearance clinics were invited to participate. Those lacking capacity or with poor understanding of English were excluded. The Hertfordshire Research Ethics Committee approved the study. All participants provided informed written consent.
Modality Choice
After medical evaluation, patients were assessed at home by a senior nurse and renal counselor/social worker. Assessments were considered by the wider multidisciplinary team, and provisional modality options were recommended. These were discussed with patient and family or caregivers during several clinic visits, and an individualized treatment plan was created. All patients choosing dialysis were offered this if clinically feasible.
Dialysis Program
Dialysis was initiated for persistent uremic symptoms, volume overload, hyperkalemia, or acidosis. HD patients received high-flux treatments, including online hemodiafiltration in 40% of patients. Target two-pool equilibrated Kt/V was 1.2 (12) . Target weekly total Kt/V for peritoneal dialysis (PD) was 2.0 (13).
CKM Program
Patients opting for CKM were offered ongoing medical treatment and multidisciplinary support (5) by a team that included nephrologists, specialist nurses, renal counselors, social workers, dietitians, and community and hospice services. Figure 1 is a schematic representation of the study. Recruitment took place over 24 months. Baseline demographic, clinical, and biochemical data were collected along with assessments of comorbidity, functional status, and QoL. QoL was assessed every 3 months for all patients. Decisions on modality choice took place throughout the recruitment phase and up to an additional 15 months (QoL follow-up period). Group assignment was considered complete at the end of the QoL follow-up period. In the dialysis groups, QoL was assessed until 12 months after dialysis initiation, and in the CKM group it was assessed for a maximum of 3 years or until as near to death as practical. Patients were followed for a further period to ensure a minimum 30 months of follow-up for survival (survival follow-up period). Analyses of QoL and survival data were based on modality group composition at the end of the QoL follow-up period.
Plan of Study
Data Collection
The following baseline data were collected:
1. Age, sex, body weight. 
Statistical Analyses
Statistics packages used were Stata software, version 11, and SPSS software, version 19. Groups were compared for continuously distributed variables using ANOVA, unpaired t tests, or Mann-Whitney test as appropriate. Differences in proportions between groups were compared using the Fisher exact test.
Propensity Score. We controlled for selection bias using a propensity score (20) . The score was generated with logistic modeling to predict membership of the CKM group, taking into account such covariates as sex, age, weight, eGFR, comorbidity, and KPS score; in survival models, the physical health component (SF-36) was also included. We explored using propensity models that included HD, PD, CKM, and not-decided groups and those omitting PD or not-decided groups. The models produced similar results; hence the more inclusive models were reported. Overlap in distributions of propensity scores was sufficient to be confident of appropriate adjustment for selection bias. The not-decided group was small, and inclusion of this group in survival models tended to lead to fitting problems. Thus, it was omitted from final models.
QoL Analysis. We explored how QoL measures changed over time and with dialysis initiation. Multilevel models for change (growth models) were fitted for each QoL measure in turn, allowing for interindividual variation in both baseline level (random intercept) and rate of change over time (random slope; together with random effects). A time-varying predictor for treatment status (pre-and post-dialysis initiation) was included as a fixed and a random effect, allowing estimation of the immediate effect of initiation on the QoL measure under consideration. Baseline values for age, comorbidity (low or high), KPS score, sex, and propensity score were entered into models as fixed effects to adjust for selection bias. Models were fitted using maximum likelihood estimation and unstructured covariances. For each QoL measure, an initial model incorporating a random intercept and slope was evaluated. Further evaluation considered the effect of (1) initiating dialysis, (2) trajectory changes after initiation, (3) differences between treatment groups, (4) adjustment for covariates (age, comorbidity, KPS score, sex, and propensity score), and (5) potential interactions (e.g., between treatment group and change over time). Model estimates were adjusted to ensure the model was representative of a person age 75 years with high comorbidity and a KPS score of 70.
Survival Analysis. Survival was calculated from the date of recruitment until death, final census date in January 2010, or the date the patient was recorded as censored. Because the differences between groups were marked in terms of clinical and demographic factors (uncontrolled selection bias), Cox proportional hazards regression models were used to estimate adjusted functions, taking into account many of these uncontrolled random variables. | Schematic flow chart depicting study processes. Recruitment took place over 24 months. Quality-of-life (QoL) assessments were continued every 3 months until 12 months after dialysis initiation (dialysis groups) and 3 years or as long as was practical (conservative kidney management [CKM] group) (QoL follow-up period). Patients were followed for an additional period to ensure a minimum of 30 months of follow-up for survival (survival follow-up period). Analysis of QoL and survival data were based on the composition of the modality groups at the end of the QoL follow-up period.
Results Patient Features: Baseline Comparisons
Of the 242 patients approached to take part during the 24 months from July 2005, 170 (70%) consented. Five cited "not feeling well enough" as a reason for nonparticipation. Patients older than age 75 years were overrepresented in the group that did not consent to participate (36% versus 23% in the study group). Median duration of QoL followup was 14.7 (interquartile range, 12.0) months. Median duration of survival follow-up was 31.9 (interquartile range 25.1) months.
At the end of the QoL follow-up period, 80 patients were undergoing or destined for HD, 44 were undergoing or destined for PD, 30 were receiving CKM, and 16 were undecided. Forty-seven (59%) HD patients and 23 (52%) PD patients had initiated dialysis by this time. Diabetes was more prevalent in the HD group than in the CKM and PD groups (35%, 23%, and 16%, respectively; P,0.001 for HD versus PD). The groups differed with respect to age, performance score (KPS score), and comorbidity (Table  1) . Compared with the PD group, CKM patients were older, more had high comorbidity, and more were dependent. The HD group was more heterogeneous, having a wider distribution of comorbidity and KPS scores than the other groups. The not-decided group had a higher baseline eGFR (Table 1) , but eGFR in the other groups was similar.
QoL Assessment
There were 815 QoL assessments: 375 (104 post-dialysis initiation) in HD patients (median, 5 per patient), 220 (42 post-dialysis initiation) in PD patients (median, 5), 164 in CKM patients (median, 5), and 56 in not-decided patients (median, 3.5). Median time between final QoL assessment and death in the CKM group was 4.8 months. Table 2 shows summary results of multilevel growth models for individual QoL measures.
SF-36: Mental Health Subscale. There were no baseline group differences in mental health score. For the basic growth model (constant and change over time), there was a small statistically (but not clinically) significant increase in mental health score over time. Adding baseline covariates (age, comorbidity, KPS score, sex, and propensity score) improved model fit considerably. Adding the group had limited influence, indicating that individual baseline differences accounted for group differences. The effect of initiating dialysis varied between individuals (mean change ± SD, 20.69±5.84; P=0.53) and was unrelated to any measured variable (age, comorbidity, KPS score, sex, eGFR).
SF-36: Physical Health Subscale. Baseline physical health scores were generally low (3-4 SDs below population average). Physical status of CKM patients was significantly lower than that of HD and PD patients and was lower among HD than PD patients. The basic growth model showed little evidence of change in physical status over time. Including baseline covariates (age, comorbidity, KPS score, sex, propensity score) increased model fit and abolished group differences. There was no change in physical health upon dialysis initiation (mean change, 0.49±1.7; P=0.53). HADS: Depression Scale. There were no baseline group differences in depression scores. The full growth model showed no evidence that there were group differences, that change in depression scores over time differed between groups, or that trajectory changed after dialysis initiation. Initiation had no consistent effect (mean change, 20.57 ±1.7; P=0.10).
HADS: Anxiety Scale. Anxiety scores for CKM patients were higher than those for PD and HD patients. Adjustment for baseline covariates abolished these differences. There was no evidence of group differences in change of anxiety levels over time or of change in slope after dialysis initiation. There was no consistent change on dialysis initiation (mean change, 20.02±2.6; P=0.95).
SWLS. There was considerable individual variation in scores (range, 5-30) but little evidence of group differences at baseline. Starting dialysis led to a significant decrease in the SWLS score (change, 21.84±4.46; range, 210.8 to 7.1; effect size, 0.41; P=0.01). The magnitude of this differed little over time. There were considerable individual differences in patient response to initiation (SD, 17% of scale range), with 47% experiencing potentially clinically significant reductions .1 SD. No covariate (weight, age, sex, comorbidity, KPS score, or eGFR) was related to change in SWLS score at initiation.
Survival
Survival analysis was based on planned modality group composition at the end of the QoL follow-up period. Subsequent movement between groups during follow-up is depicted in Table 3 . There were significant group differences in mortality, with 19 deaths (4 before dialysis initiation) in the HD group (24%), 4 (9%) in the PD group, and 20 (67%) in the CKM group (P,0.001). Kaplan-Meier survivor functions demonstrated major differences in unadjusted survival (log-rank test P,0.001). In an adjusted Cox model that included comorbidity, KPS score, age, physical health component of SF-36, and propensity score (Table 4) , comorbidity was the major contributor to the survivor function. The mortality risk in the HD group was approximately half that in CKM patients (hazard ratio, 0.47; 95% confidence interval, 0.20-1.10; P=0.08). The difference in estimated median survival from recruitment was 404 days (CKM, 913 days; HD, 1317 days; Figure 2 ). The difference for PD was slightly higher. The median number of days on which HD patients actually underwent an HD session was 326.
Discussion
Patients opting for CKM were older, more dependent, and more highly comorbid than those opting for dialysis. At baseline they had poorer physical health (SF-36) and higher levels of anxiety (HADS). Mental health (SF-36), depression symptoms (HADS), and global satisfaction with life (SWLS) were similar in all modality groups. SF-36 and HADS scores changed little during follow-up in any group. pretations can be applied to dialysis initiation and the constant. Age, comorbidity, KPS score, sex, and propensity score were entered into the model as fixed effects only to adjust for variation between groups at baseline. SDs for age, comorbidity, KPS score, sex, and propensity score were not estimated because of constraints on model fitting. SWLS scores, however, decreased significantly after dialysis initiation and did not subsequently recover. SWLS score did not change over time in the CKM group. Not surprisingly, nonadjusted survival from recruitment was markedly lower in CKM patients. However, in Cox models controlling for comorbidity, KPS score, age, physical health component (SF-36), and propensity score, the difference in estimated median survival in the HD and CKM groups narrowed to 13.2 months, 10.7 of which consisted of days on which dialysis sessions took place. The lack of significance (P=0.08) probably reflects lack of power. In elderly dependent patients with significant comorbidity, opting for CKM may allow maintenance of some aspects of QoL, which might otherwise have been compromised by starting dialysis, probably at the expense of some reduction in survival.
There is one previous report of QoL assessment in CKM (11). De Biase et al. found that QoL in 11 elderly, frail patients receiving CKM was similar to that in HD patients. Like us, they found that unadjusted physical health (SF-36) was worse with CKM, although mental health scores were similar. The only change we found in QoL was a reduction in SWLS score after dialysis initiation. SWLS provides an overall assessment of life satisfaction as a cognitivejudgmental process (19, 21) . SWLS scores have been predictably associated with other measures of subjective well-being in medical outpatients. They are not influenced by sex, age, education level, health insurance status, or social desirability (21) . It is also pertinent that no QoL measure improved after dialysis initiation. Our findings are compatible with those of studies demonstrating worsening functional status (22, 23) in elderly patients who initiate dialysis. Symptom burden and QoL are similar in patients undergoing long-term dialysis and those receiving palliative care (24) . These findings support the notion that for some dependent patients with high comorbid loads, CKM may offer an acceptable alternative to dialysis.
Comparison with previous retrospective survival data are hampered by design issues, particularly differences in methods of matching CKM and dialysis patients (if they were matched) and in reference time points from which survival was assessed. We previously assessed survival The table shows the composition of each planned modality group at the end of the quality-of-life follow-up period in September 2008 and at the end of the survival follow-up period in January 2010 (numbers of those who had actually started dialysis at each time are shown in parentheses). The change in modality allocation during the survival follow-up period is also depicted. The numbers of patients who died during the quality-of-life period and throughout the study are also shown. QoL, quality of life; PD, peritoneal dialysis; HD, hemodialysis; CKM, conservative kidney management. Survival time was the time that elapsed from the point at which patients were recruited to the study, to the census date or the date of censoring (date of death, date of transfer to another center, date to transplant, date of requested withdrawal from the study). The table indicates reduced hazard for death for patients undergoing hemodialysis and peritoneal dialysis compared with conservative kidney management, although the differences are of borderline or less statistical reliability. Estimated median survival times were as follows: for hemodialysis, 1317 days; for conservative kidney management, 913 days; and for peritoneal dialysis, 1394 days. High comorbidity was associated with a significantly increased hazard. KPS score 3 propensity score is the interaction between Karnofsky performance scale score and propensity score, included because of colinearity between these covariates. CI, confidence interval; KPS, Karnofsky performance scale; SF-36, Short-Form 36 questionnaire.
from a putative dialysis date (obtained by matching Cockcroft-Gault creatinine clearances). We found similar median survival in CKM and in those recommended for CKM but opting for dialysis (6.3 versus 8.3 months) (5).
Carson et al., using similar methods in patients older than 70 years, found median survival durations of 13.9 months in CKM patients and 37.8 months in dialysis patients (9) . CKM patients were older but had similar comorbidity. Hospital-free survival was similar in both groups. Median survival duration in dialyzed octogenarians was 28.9 months compared with 8.9 months among those receiving CKM (measured from the date of decision to withhold dialysis) (25) . Late referral, diabetes, dependency, and social isolation were more common in CKM. Murtagh et al.
found that survival (from eGFR of 15 ml/min) was similar at 22 months in elderly patients (older than 75 years) with high comorbidity, whether receiving CKM or dialysis (6) . Recently, we found that median survival duration in CKM patients from entry into stage 5 CKD was 21 months. In those older than age 75 years, the survival advantage from dialysis, corrected for age, comorbidity, and diabetes, was nonsignificant at 4 months (10 . We now report that estimated median survival durations from recruitment (mean eGFR, 14 ml/min) was 30 months in CKM and 43 months in similar HD patients. This study has limitations. Sample size was relatively small, and there were major demographic and clinical differences between individuals and modality groups. We used propensity scores to adjust for selection bias, although given the large group differences the potential for residual confounding remains. A multicenter prospective observational study of patients older than 75 years that is powered using effect sizes demonstrated here is needed to confirm these findings. For ethical and technical design reasons, randomized, controlled trials in this area may not be possible. Thirty percent of eligible patients declined to consent. Older patients were overrepresented in this group. This may have influenced modality group composition and perhaps both QoL and survival outcomes. Because of the nature of the study, composition of modality groups changed throughout the study, even after the end of the QoL followup period, when group assignment for analysis was considered complete. However, subsequent changes in the CKM group were minimal and considered unlikely to have influenced our interpretations. Finally, in the survival analysis we focused on the difference between CKM and HD groups. The PD group was younger, fitter, and more independent, and few of these patients died. Thus, group comparisons are difficult. In addition, elderly patients with high comorbidity and compromised independence are more likely to receive HD as the most suitable modality (28). Notwithstanding these limitations, the study provides important insights into QoL and survival in CKM, which may be helpful clinically.
Patients opting for CKM tend to maintain QoL, some aspects of which tend to be compromised in patients initiating dialysis. The price may be some reduction in survival. These findings may be helpful in counseling patients on modality choice and aid design of larger prospective studies.
Most of all we wish to acknowledge the huge contribution from our patients.
